Chicken extract contains carnosine and anserine, both of which possess some antioxidant abilities. The objective of this study was to investigate the protective effects of chicken extract in male Sprague-Dawley (SD) rats under induced oxidative stress. Carbon tetrachloride was used as the oxidative stress inducer. Glutamic-oxalacetatic transaminase (GOT), glutamic-pyruvic transaminase (GPT), total antioxidant status (TAS), thiobarbituric reactive substances (TBARS), iron content, and the activities of antioxidant enzymes were determined. We concluded that under oxidative stress, the intake of chicken extract was helpful in promoting the activities of antioxidant enzymes and in protecting the liver from oxidative damage.
Many diseases are related to oxidative damage caused by free redicals (1, 2) . The role of food is not only to pro vide nutrients and calories but also to protect our bod ies from chronic or oxidative damage. Chicken extract is one of the traditional foods that have been consumed in Asian countries for centuries. It is made through the process of high-pressure steaming of deboned chickens, then defatting, and concentrating the extract (3) . Chicken extract is rich in amino acids, peptides, and minerals. It has been found that consuming chicken extract is helpful for emotional control and improving working efficiency (4). Wade and Tucker (5) indicated that carnosine and anserine in chicken extract both possess antioxidative abilities. Anserine and carnosine are composed of histidine and alanine. The only differ ence between them is that a methyl group is attached to the imidazole ring of anserine. Chan et al. (6) found that carnosine, alone or together with vitamin E, reduced the thiobarbituric-acid reactive substances (TBARS) in the muscle of rats. It was also found that the addition of carnosine to the diet slowed down the aging process of senescence-accelerated mice (7) . Carbon tet rachloride (CCl4) is a lipid-soluble chemical that induces the generation of free redicals. The introduction of CCl4 may induce a decrease in the activities of antioxidative enzymes, depletion of glutathione, and release of ferric ions, which result in lipid oxidation in cells (8) . The indexes of peroxidation induced by CCl4 are plasma TBARS concentration and ferric peroxidation (9) . Injec tion of CCl4 resulted in decreases of antioxidants in plasma. The objective of this study was to investigate the effect of chicken extract consumption on the plasma antioxidant status in Sprague-Dawley (SD) rats under an induced oxidative stress by CC14. 
RESULTS AND DISCUSSION
Body weights of rats. The amounts of chicken ex tract fed to rats were equivalent to about 75, 150, and 375mL for a normal adult in a day. The average body weight of each group increased before the injection of CC14 in wk 4. The average body weight of those rats fed 7.5mL/kg-d of chicken extract was the lowest and started to decrease (p<0.05) from wk 4. On the other hand, the average body weight for the rats fed 1.5 mL/ kg-d of chicken r extract was the highest after wk 4 (p<0.05). The ratio of intake to weight gain in group D (7.5 mL/kg-d) was also the lowest (p<0.05). In our observations during the experiment, those rats fed 7.5 mL/kg-d had a more yellowish hair color than oth ers. This could have been due to a nutritional imbal ance or to an unpleasant flavor caused by too much chicken extract in the diets.
Antioxidative status in plasma. As shown in Table 2 , the Fe(II) concentrations increased in chicken extract fed groups through wk 6 to wk 8 (p<0.05). The groups fed higher amounts of chicken extract had higher con centrations of Fe(II) compared to the control group. On the other hand, Fe(III) concentrations decreased in all chicken extract-fed groups. The ratio of Fe(II) to Fe(III) in the chicken extract-fed groups tended to increase while that in the control group remained unchanged throughout the experimental period. The higher the ratio of Fe(II) to Fe(III), the more lipid oxidation that had occurred (10). Because chicken extract is a rich source of iron, intake of chicken extract may have coun Table 2 .
The effect of chicken extract on the concentrations of plasma ferrous, ferric irons and the ratio of ferrous to ferric iron in rats treated with CCl4 under oxidative stress. teracted the reduction in Fe-related lipid oxidation by carnosine and anserine in this study. Table 3 shows the results for the activities of superox ide dismutase (SOD), erythrocyte catalase, glutathione peroxidase (GPx), and glutathione reductase (GR) in the plasma of rats during the experiment. The injection of CCl4 induced the generation of peroxyl radicals. Before the CC14 injection, SOD activities in all groups did not differ significantly. After the injection of CCl4, the rats fed chicken extract had higher SOD activities than those in the control group (p<0.05). CCl4 reduced the SOD activity in the control group (p<0.05). The SOD activi ties in the chicken extract-fed group recovered to nor mal in wk 6. The function of SOD in the body is converting reactive oxygen species (ROS) to hydrogen peroxide. Tras et al. (11) found that feeding chickens a normal diet with additional antioxidants increased the activity of SOD. The carnosine and anserine in chicken extract are antioxidants that could increase or maintain the SOD activity in rats when attacked by pro-oxidants such as CCl4. On the contrary, CCl4 did not affect the activity of catalase, GPx or GR, while chicken extract effectively increased their activities. At the end of the feeding period, the rats fed chicken extract had higher activities of catalase, GPx or GR, than did the control group (p<0.05). Lalonde et al. (13) and Marzatico et al. (14) found that under oxidative stress, the activity of catalase decreased due to the free redicals produced. It was also found that the presence of antioxidants in the plasma increased the activities of GPx and other antiox idative enzymes in mice (15, 16) . Thus, the antioxida tive ingredients may help scavenge peroxyl free radicals and increase the activities of antioxidative enzymes.
Results for the total antioxidative status (TAS) in rats were inconsistent (data not shown). TAS is affected by anti-or pro-oxidative substances. According to previous results, both the activities of antioxidative enzymes and the contents pro-oxidative materials such Fe were increased, which may be the reason that we did not see a clear result on TAS in the experiment. Kadiiska et al. (17) indicated that TAS was not a proper index for eval uating the antioxidative condition in plasma since the major target organ that CC14 affects is the liver.
In the liver. Liver samples were collected at the beginning and the end of the feeding period. The per oxyl radicals generated by CCl4 caused liver damage. Before the injection of CCl4, no significant differences in GOT or GPT were observed (data not shown). After the introduction of CCl4, both GOT and GPT in rats of the control group went up in wk 6 (p<0.05) while those in rats of the experimental groups remained stable. At the end of wk 8, both GOT and GPT in the control group decreased, but GPT in the control group was still signif icantly higher (p<0.05) than in the experimental groups. In addition, the activities of SOD, catalase, GPx, and GR in chicken extract-fed groups were not affected by CCl4 (Table 4 ). This may indicate that the intake of chicken extract had a protective effect on the liver from oxidation damages. Antioxidants increase or maintain the activities of antioxidative enzymes (16) . Thus, the amino acid or dipeptides-rich chicken extract did pro vide the antioxidative effect in the livers. The result (Table 5 ) of thiobarbituric acid-reactive substances (TBARS) in the liver indicated that consum ing chicken extract tended to inhibit the lipid oxidation in the liver, although not significantly. At the end of the experiment, the rats fed 7.5 mL/kg-d of chicken extract tended to have a lower TABRS value. CC14 in rats caused lipid peroxidation. As the oxidative stress in the body increased, the TBARS in the body also increased (18, 19) . The TBARS decreased if antioxidants such as car nosine and anserine in chicken extract appear in the body (20) .
The above results indicated that consumption of chicken extract inserted a protective effect on the liver from oxidative damage by increasing or maintaining the activities of antioxidative enzymes under an oxida tive stress. In addition, chicken extract is rich in pro teins and amino acids, and thus, it may help with liver reconstitution. Consuming a moderate amount of chicken extract did not affect the growth of rats even under oxidative stress. Chicken extract positively in creased the activities of antioxidative enzymes in plasma, was helpful in protecting the liver from oxida tive damage, and maintained the activities of antioxida tive enzymes in the liver despite the presence of oxidative stress. 
